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Background: As part of a Phase III trial with the Ebola vaccine rVSVDG-ZEBOV-GP in Guinea, we invited
frontline workers (FLWs) to participate in a sub-study to provide additional information on the immuno-
genicity of the vaccine.
Methods: We conducted an open-label, non-randomized, single-arm immunogenicity evaluation of one
dose of rVSVDG-ZEBOV-GP among healthy FLWs in Guinea. FLWs who refused vaccination were offered
to participate as a control group. We followed participants for 84 days with a subset followed-up for
180 days. The primary endpoint was immune response, as measured by ELISA for ZEBOV-glycopro
tein–specific antibodies (ELISA-GP) at 28 days. We also conducted neutralization, whole virion ELISA
and enzyme-linked immunospot (ELISPOT) assay for cellular response.
Results: A total of 1172 participants received one dose of vaccine and were followed-up for 84 days,
among them 114 participants were followed-up for 180 days. Additionally, 99 participants were included
in the control group and followed up for 180 days. Overall, 86.4% (95% CI 84.1–88.4) of vaccinated par-
ticipants seroresponded at 28 days post-vaccination (ELISA- GP) with 65% of these seroresponding at
14 days post-vaccination. Among those who seroresponded at 28 days, 90.7% (95% CI 82.0–95.4) were
still seropositive at 180 days. The proportion of seropositivity in the unvaccinated group was 0.0%
(95% CI 0.0–3.8) at 28 days and 5.4% (95% CI 2.1–13.1) at 180 days post-vaccination. We found weak cor-
relation between ELISA-GP and neutralization at baseline but significant pairwise correlation at 28 days
post-vaccination. Among samples analysed for cellular response, only 1 (2.2%) exhibited responses
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towards the Zaire Ebola glycoprotein (Ebola GP � 10) at baseline, 10 (13.5%) at day 28 post-vaccination
and 27 (48.2%) at Day 180.
Conclusions: We found one dose of rVSVDG-ZEBOV-GP to be highly immunogenic at 28- and 180-days
post vaccination among frontline workers in Guinea. We also found a cellular response that increased
with time.
� 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

During the 2013–2016 outbreak of Ebola Virus Disease (EVD) in
West Africa, the Ministry of Health of Guinea, the World Health
Organization (WHO), Médecins Sans Frontières (MSF), Epicentre
and the Norwegian Institute of Public Health among other partners
collaborated to conduct an Ebola vaccine trial with rVSVDG-
ZEBOV-GP in Guinea. The ‘‘Ebola ça Suffit!” trial aimed to leverage
contact tracing as a means to implement an efficacy trial during
the ongoing outbreak, enabling a randomized clinical trial with a
novel study design. Participants (contacts and contacts of contacts
of a laboratory-confirmed EVD case) were enrolled after detection
of a laboratory confirmed EVD case and were randomized to
receive rVSVDG-ZEBOV-GP at a nominal dose of 2 � 107 plaque-
forming units (PFU) either immediately or 21 days after enrolment
as a control group. The period of observation for risk of infection
was set as the 21-day period from 10 to 30 days post enrolment,
regardless of when the vaccine was administered. The comparison
of EVD incidence beginning 10 days after vaccination amongst
2108 participants vaccinated immediately and 3075 eligible and
allocated to delayed vaccination, led to an estimated vaccine effi-
cacy of 100% (95% CI 68.9–100.0, p = 0.0045) [1].

In parallel to the ring vaccination trial, a sub-study among front
line workers (FLW) was implemented to evaluate the immuno-
genicity and safety of rVSVDG-ZEBOV-GP [2]. Early phase trials
in Europe, North America, and Africa have described the immune
response to this vaccine, which at a dose of 2 � 107 PFU induces
strong IgG response within 7 days post-vaccination [3–6]. The cel-
lular response to the vaccine is less well-described, but there is evi-
dence that a CD8 + T-cell response predominates in the immediate
period post-vaccination [7], and analysis of cytokine response sug-
gests the important role of monocytes in the immediate response
[8]. Ongoing ‘‘omics” analyses aims at further refining understand-
ing of the immune response, analysing samples collected in a vari-
ety of early-phase trials [9]. Safety results of the sub-study among
FLW in Guinea have been previously published [2]. Here we
describe the humoral and cellular immune responses to rVSVDG-
ZEBOV-GP among frontline workers in Guinea.
2. Methods

2.1. Study design and participants

We conducted an open-label, non-randomized, single arm
safety and immunogenicity evaluation of one dose of rVSVDG-
ZEBOV-GP in the city of Conakry, Guinea. Between March 2015
and July 2016, FLWs which included any personnel working in
Ebola or non-Ebola health facilities and services were invited to
participate. At the time of initiation of the sub-study, the outbreak
was waning with the end declared in June 2016 [10].

Information and discussion sessions were held with personnel
working in organizations or structures caring for Ebola patients
or providing non-Ebola related health care. Volunteers wishing to
participate were referred to the study site (Donka Hospital). After
providing written informed consent, FLW were enrolled in the
study if they were working in health services (including Ebola
treatment centres, Ebola outreach and non-Ebola related health
services) and agreed to follow study procedures. Exclusion criteria
included known previous Ebola infection or recent exposure, previ-
ous receipt of an investigational Ebola therapeutic, current partic-
ipation in a clinical trial, self-reported clinically important
immunodeficiency, history of anaphylaxis to a vaccine or a vaccine
component, severe illness, known pregnancy, breastfeeding and
current fever. Therefore, participants enrolled in the rVSVDG-
ZEBOV-GP efficacy study were not eligible for the sub-study among
FLWs.

The study included the possibility to participate without receiv-
ing the vaccine. Unvaccinated participants followed the same
study procedures as other participants and were followed for
safety and immunogenicity outcomes. Study visits were scheduled
at days 3, 14, 28 and 84 after enrolment, and a subset of partici-
pants had a visit at day 180 after enrolment. On the day of enrol-
ment, vaccinated participants received one dose of 2 � 107 PFU
of rVSVDG-ZEBOV-GP by intramuscular injection.

We hypothesized that FLW with different prior risk of being
exposed to Ebola virus (either in the form of live or inactivated
virus particles) could show different immunological response to
the vaccine dependent on their pre-existing levels of antibodies
against the Zaire Ebola virus glycoprotein. We defined EVD expo-
sure risk according to the individuals’ profession and work loca-
tion. Personnel who could have been directly in contact with
EVD patients (doctors, nurses, lab technicians, cleaning personnel,
surveillance teams, inhumation teams, and ambulance personnel)
were classified as high-risk regardless of work location. Adminis-
trative personnel and security personnel were classified as high
risk if they worked in Ebola related services. The low risk group
consisted in administrative, security personnel and other support
staff working in non-Ebola services.

We calculated that enrolling 519 participants in each exposure
group would provide 90% power to detect a difference in mean
anti-GP IgG antibody concentration of 0.10 Arbitrary enzyme-
linked immunosorbent assays Units (AEU)/mL between the groups
at 28 days post-vaccination, at a 5% significance level. Allowing for
10% missing data and loss to follow-up, we aimed to enrol 1200
participants. Based on a secondary exploratory outcome, we
included a subset of 100 participants to be characterized in depth
for immunological responses. There was no a priori sample size
calculation for those wishing to participate but not to be vacci-
nated. The targeted 100 participants providing additional blood
samples at 180 days post-vaccination were recruited on random
days after the first 800 participants were enrolled. This exploratory
sample represented an added burden on participants due to
increased blood sample volume and on laboratory procedures
due to strict processing and storage conditions necessary for
analyses.
2.2. Assessment of immunogenicity

Study participants (including the unvaccinated cohort) were
asked to provide 8 ml of blood prior to vaccination and at 14, 28
and 84 days post-vaccination to assess total IgG antibody levels
against the Zaire Ebola virus (ZEBOV) glycoprotein (GP). The subset
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of participants included in the in-depth immunological analysis
provided 25 ml of blood prior to vaccination and at 14, 28, 84
and 180 days post-vaccination to assess antibody response against
the whole virion and specific cellular responses.

Samples were collected in SST vacutainer tubes tubes for anti-
body response and EDTA vacutainer tubes to prepare Peripheral
Blood Mononuclear Cells (PBMC) to assess the cellular response.
They were processed in compliance with Good Clinical Laboratory
Practices (GCLP) that were established by Public Health England
and Donka Hospital staff within a two week deadline to allow
the initiation of the study during the outbreak. After storage at
�80 �C in Guinea, samples were shipped on dry ice to Public Health
England’s Laboratories at Porton Down and subsequently to Insti-
tute for Virology, Marburg, Germany and Imperial College, London,
UK for PBMC testing and to Q2 laboratories San Francisco, Califor-
nia for antibody testing.

Total IgG antibody levels against ZEBOV-GP were measured by
two assays. The first assay was an enzyme-linked immunosorbent
assays (ELISA) that used the homologous Zaire-Kikwit strain glyco-
protein as antigen. This assay was developed by the US Army Med-
ical Research Institute of Infectious Diseases (USAMRIID), has been
validated by Filovirus Animal Nonclinical Group (FANG) [11,31]
following US Food and Drug Administration (FDA) guidelines and
used in previous evaluations [3,5,7,12].

The second assay, plaque reduction neutralization (NAb) assay
based on a VSV backbone, also developed by USAMRIID and vali-
dated by FANG, used ZEBOV as the antigen [14]. Both assays were
performed by Q2 Solutions (California, USA). The results of the
ELISA assay are reported as anti-GP IgG per milliliter and seropos-
itivity was defined as IgG against ZEBOV-GP concentration � 200
AEU/ml. For the NAb, seropositivity was defined as geometric
mean titre > 20 against ZEBOV-GP. For these assays, we defined
seroresponse as a > 4 fold increase in the concentration or titer
from baseline. Prior to shipment from Guinea for analysis, FLW
specimens were gamma irradiated for safety reasons. Grant-Klein
et al observed that Gamma irradiation was associated with slightly
higher antibody concentrations in pre-vaccination samples and
slightly lower concentrations post-vaccination. However they con-
cluded that Gamma irradiation remains a viable method for treat-
ing samples from regions where filoviruses are endemic because of
their minor effects on antibody titers [13].

Additional analyses for the subset of participants for additional
analyses were performed at the Institute for Virology, Marburg,
Germany and Imperial College, London, UK. These laboratories
were selected to ensure comparability with previous studies. Anti-
body response against the whole virion was assessed by ELISA and
neutralization assays at the Institute for Virology, Marburg, Ger-
many [4,15]. For these assays, seropositivity was defined as ELISA
IgG > 500 AEU/ml against ZEBOV whole virion and NAb > 8 against
the ZEBOV whole virion. We defined seroresponse as a � 4 fold
increase in the concentration or titer.

PBMC samples were isolated from EDTA-blood and frozen fol-
lowing standard operating procedures. PBMC were characterized
on site by flow cytometry to allow identification of the different
cell populations [16]. Specific cellular responses were tested by
enzyme-linked immunospot (ELISpot) assay using methods previ-
ously described [17,18]. Samples passed quality control if their
mock stimulus ELISpot responses were � 50 SFU and PHA positive
control stimulus � 500 SFU per million PBMC. An ELISpot response
to Ebola GP was considered positive where mean spot forming
units (SFU) per million PBMC in quadruplicate wells with GP stim-
ulus were � 10 with the mean SFU of mock stimulus wells sub-
tracted and mean SFU for GP stimulus was � twice or fourth
mock stimulus. Cellular immune responses were analysed at the
International AIDS Vaccine Initiative (IAVI), Imperial College, Lon-
don, United Kingdom.
2.3. Statistical analysis

Seropositivity and seroresponse rates are reported as propor-
tion with 95% confidence interval (CI) calculated using the Wilson
score method [19]. Antibody responses are reported as the Geo-
metric Mean Concentration (GMC) or Geometric Mean Titer
(GMT) with 95% CI. Change in antibody response over time is
assessed by comparing GMCs or GMTs at each time point with
baseline using the Wilcoxon signed-rank test for paired data.

A chi-square test was used to assess differences in seroresponse
among vaccinated individuals at 14, 28, and 180 days by the fol-
lowing baseline variables: sex, age (�26, 26–30, 30–37,
and > 37), risk category and vaccination status. Fisher’s exact test
was used when cell counts were < 5. Log binomial regression
was used to assess the association between these variables and
seroresponse at 28 days according to IgG concentration.

The different assays’ results were compared to each other using
Spearman’s rank correlation coefficient at day 0 and day 28. The
proportion of individuals tested with all five tests who tested pos-
itive for each one is reported. In addition, correlations between
whole virion ELISA and NAb using live virus at day 0, 14 and 28
post-vaccination are reported. We also assessed the correlation
between cellular and humoral response by comparing the mock-
adjusted Zaire Ebola GP and whole virion concentration, and NAb.

The analysis is based on the intention-to-treat principle and
includes all participants that provided at least one blood sample.
Additionally, we assessed immunogenicity outcomes in the per-
protocol population of participants who gave a blood sample at
each time point within the window specified in the protocol. Per-
protocol results are presented in the Supplementary Appendix.

Data analysis was conducted using SAS� software, Version 9.4
of the SAS System for Unix (SAS Institute Inc., Cary, NC, USA).
2.4. Ethical considerations

The trial was conducted in accordance with Good Clinical Prac-
tice guidelines and was registered in the Pan African Clinical Trials
Registry (Reference: PACTR201503001057193). The study protocol
was approved by the ethics committee of the World Health Orga-
nization (Switzerland), the Norwegian Regional Ethics Committee,
the Comité National d’Ethique pour la Recherche en Santé (Gui-
nea), and the Médecins Sans Frontières Ethics Review Board. A data
safety monitoring board regularly reviewed study data. All authors
vouch for the accuracy and completeness of the data and analyses
reported.
3. Results

3.1. Study participants and assays

From March 25th to August 7th, 2015, a total of 1172 partici-
pants were screened and received one dose of vaccine. Amongst
these, 114 participants consented to participate in the subset and
were follow-up for 180 days post-vaccination. Additionally, 99 par-
ticipants not wishing to be vaccinated were recruited for compar-
isons (Fig. 1). The median age of all participants was 30 years (SD
10.97, range 18–75) and 72.5% were male (Table 1). Among vacci-
nated individuals, 609 (52%) were in high-risk professions, and 564
(48%) were in low-risk professions. Compared to vaccinated indi-
viduals, unvaccinated individuals were younger, more likely to be
female, and more likely to be in a high-risk profession (p < 0.05).

The number of participants with results for the different assays
at the different time points is provided in the participants’ flow
chart (Fig. 1). A total of 1118 (94%) of vaccinated participants com-
pleted the 28-day follow-up visit. ZEBOV-GP IgG assay results were



Fig. 1. Flowchart of trial participants.
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available for 1052 and NAb assay results were available for 1053
participants. The 28 day follow-up visit occurred within a window
of ±3 days for 91.4% of participants. In total, 97 (98.0%) of non-
vaccinated participants completed the 28 day follow-up visit, with
the majority (93.8%) completing it within a window of ±3 days. The
180 day follow-up visit exhibited a wider range of times, with
82.2% of participants completing the visit within a window of
±16 days.

3.2. Humoral response

At baseline, 9.4% (n = 106) of vaccinated participants were
seropositive for ZEBOV-GP IgG (Table 2). The GMC of IgG ZEBOV-
GP specific antibodies was significantly higher at each later time
point after vaccination compared to baseline as shown in Table 2
and Fig. 2. Overall, 86.4% (95% CI 84.1–88.4) of vaccinated partici-
pants seroresponded at 28 days post-vaccination. Among those
with results 180 days post-vaccination (n = 90), the seroresponse
persisted at 180 days post-vaccination for 90.7% (95% CI 82.0–
95.4). In addition, an antibody response was seen at 14 days
post-vaccination, with 65.1% (95% CI 62.1–68.1) seroresponding.
Among participants who were seronegative at baseline, GMCs
and seropositivity rates at 28 and 180 days post-vaccination were
similar to GMCs and seropositivity rates among the whole study
population (Supplementary Appendix).

GMCs of ZEBOV-GP IgG among non-vaccinated participants
remained low over time, with no differences compared to baseline.
Seroresponse rates in the unvaccinated group were 0.0% (95% CI
0.0–4.8) at 28 days and 5.4% (95% CI 2.1–13.1) at 180 days post-
vaccination. 12 non-vaccinated individuals were seropositive at



Table 1
Characteristics of trial participants.

Vaccinated Non-vaccinated

Participants 1172 99
Age (years) 34.5 (11.10) 28.31 (7.04)
Female 312 (26.62) 37 (37.37)
Male 860 (73.38) 62 (62.63)
Workplace
Ebola Treatment Center 173 (14.76) 0 (0)
Ebola outreach services 219 (18.69) 19 (19.19)
Hospital 445 (37.97) 11 (11.11)
Health Centre 251 (21.42) 64 (64.65)
Clinic 6 (0.51) 0 (0)
Other 78 (6.66) 5 (5.05)
Risk category
High-risk 609 (51.96) 68 (68.69)
Low-risk 563 (48.04) 31 (31.31)

*Data are means (SD) or numbers (%).
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baseline, of whom 11 remained seropositive at 28 days post-
vaccination. The GMC of ZEBOV-GP IgG declined over time in these
individuals.

In the Supplementary Appendix we report ZEBOV-GP IgG assay
results as titer.

In relation to risk, there was no significant difference in baseline
ZEBOV-GP IgG GMCs between risk groups. At 28 days post-
vaccination, GMCs were slightly higher in the high-risk group com-
pared to the low-risk group. Seroresponse was higher in the high-
risk group (88.0%, 95% CI 85.4–90.2) compared to the low-risk
group (82.0%, 95% CI 76.9–86.3, p = 0.02). This difference remained
after controlling for age and sex but was not seen at the 180 day
follow-up visit. There were no differences in IgG ZEBOV-GP serore-
sponse rates by age group or sex (Supplementary Appendix).

Neutralizing antibodies against ZEBOV-GP were detectable at
baseline in 0.5% (95% CI 0.1–1.1) of participants and titers were
higher at each time point after vaccination compared to baseline
(p < 0.05) (Table 2). At 28 days post-vaccination, 98.0% (95% CI
97.0–98.7) of vaccinated participants were seropositive for NAb
and 95.6% (95% CI 89.1–98.3) at 180 days post-vaccination. A total
of 83.0% (95% CI 80.5–85.3) of participants had NAb seroresponse
Table 2
Humoral responses to rVSV ZEBOV vaccination.

Assay Day 0 Da

IgG ELISA ZEBOV-GP
N� participants

Geometric mean concentration – AEU/ml (95%CI)
Participants seropositive - % (95%CI)
Participants with seroresponse - % (95%CI)

1124
78.6 (75.0,82.4)
9.4 (7.9,11.3)
-

10
54
88
65

NAb against ZEBOV-GP
N� participants

Geometric mean titer – titer (95%CI)
Participants seropositive - % (95%CI)
Participants with seroresponse - % (95%CI)

1108
17.7 (17.5,17.9)
0.5 (0.1,1.1)
-

10
99
93
63

IgG ELISA ZEBOV whole virion
N� participants

Geometric mean concentration –AEU/ml (95%CI)
Participants seropositive - % (95%CI)
Participants with seroresponse - % (95%CI)

114
850.7 (709.4,1020.2)
27.2 (19.9,36.0)
-

11
22
71
31

NAb against whole virion
N� participants

Geometric mean titer – titer (95%CI)
Participants seropositive - % (95%CI)
Participants with seroresponse - % (95%CI)

114
5.7 (5.3,6.1)
10.5 (6.1,17.5)
-

11
13
71
27

Seropositivity is defined as ELISA IgG against ZEBOV-GP concentration > 200 AEU/ml; NA
whole virion titer > 8.
Seroresponse is defined as an increase in titer � 4-fold from baseline.

+ p-value < 0.05 for difference from baseline, estimated from Wilcoxon signed-rank te
at 28 days; this seroresponse persisted at 180 days post-
vaccination among 84.2% (95% CI 74.4–90.7) of vaccinated partici-
pants who seroresponded at 28 days post-vaccination. At 14 days
post-vaccination, 93.4% (95% CI 91.7–94.7) of vaccinated partici-
pants were seropositive for NAb and 63.7% (95% CI 60.6–66.7)
had NAb seroresponse. Neutralizing antibodies remained unde-
tectable in the unvaccinated group, with 0% seroresponse at 28
and 180 days post-vaccination (Supplementary Appendix).
3.3. Antibody responses against the whole virion

Among the subset of 114 participants, 27.2% (95% CI 19.9–36.0)
were seropositive at baseline by ELISA IgG against ZEBOV-whole
virion, with GMC > 500 AEU/ml. Compared to baseline, anti-
ZEBOV-whole virion IgG GMCs were higher at 14 and 28 days after
vaccination (p < 0.05). Seroresponse rates by ELISA were 31.8%
(95% CI 23.9–41.0) at 14 day follow-up and 26.9% (95% CI 19.4–
35.9) at 28 day follow-up.

At baseline, 10.5% (95% CI 6.1–17.5) of individuals were
seropositive to neutralizing antibodies against the live ZEBOV-
whole virion. As with the ELISA, NAb whole virion GMTs were
higher at 14 and 28 days after vaccination compared to baseline
(p < 0.05). Seropositivity rates were higher 14 days post-
vaccination and showed a considerable decline at 28 days post-
vaccination, going from 71.8% (95% CI 62.8–79.4) to 47.2% (95%
CI 38.1–56.6) . The highest seroresponse rate for the NAb against
the whole virion was seen in the subset tested 14 days post-
vaccination with 27.3% (95% CI 19.8–36.3) of individuals
seroresponding.

We found weak or no correlation between the assay results
before vaccination (Table 4). None of the 112 participants that have
results for all the tests at baseline were seropositive for all of them.
However, at day 28 there is significant pairwise correlation
between ELISA EBOV GP and ELISA whole virion and neutralization
assay (Table 4). Results of whole virion ELISA and neutralization
assay using live virus is shown in Fig. 3. We also found that 45 of
105 participants (43%) that had results from all tests at day 28
were seropositive by all the assays.
y 14 Day 28 Day 180

72
5.8+ (515.0,578.5)
.2 (86.2,90.0)
.1 (62.1,68.1)

1052
1105.4+ (1053.0,1160.3)
98.9 (98.0,99.3)
86.4 (84.1,88.4)

90
1017.6+ (866.1,1195.7)
100.0 (95.9, 100.0)
79.8 (70.3,86.8)

60
.1+ (93.8,104.7)
.4 (91.7,94.7)
.7 (60.6,66.7)

1053
159.9+ (151.5,168.7)
98.0 (97.0,98.7)
83.0 (80.5,85.3)

90
118.9+ (99.3,142.4)
95.6 (89.1,98.3)
82.0 (72.8,88.6)

0
44.3+ (1810.8,2781.5)
.8 (62.8,79.4)
.8 (23.9,41.0)

108
1828.7+ (1496.6,2234.6)
70.4 (61.2,78.2)
26.9 (19.4,35.9)

0
.1+ (11.6,14.8)
.8 (62.8,79.4)
.3 (19.8,36.3)

108
9.6+ (8.4,10.9)
47.2 (38.1,56.6)
15.7 (10.1,23.8)

b titer > 20; ELISA IgG against ZEBOV whole virion concentration > 500; NAb against

st on the difference in concentration from baseline.



Fig. 2. Reverse cumulative distribution curve for IgG ZEBOV-GP ELISA in AEU/ml,
vaccinated participants.
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3.4. Cellular response

Among the vaccinated sub-set of 114 participants, we tested
717 samples from 111 participants and five time points (day 0,
14, 28, 84 and 180 post-vaccination). Among the samples tested,
303 (42.2%) passed the quality control and were included in the
ELISpot analysis. Of all samples tested, median cytomegalovirus
(CMV) response was 638 and maximum 2,568 SFU per million
PBMC. A large proportion (70.9%) of those had > 80% viability after
thaw and overnight rest. An additional positive control stimulus of
peptides matched to the CMV pp65 protein resulted in responses
in 94% of samples tested, suggesting that CD8 T cell responses were
not compromised in the cold chain and transport.

Among samples that passed the quality control, 50 (16.5%)
exhibited Ebola responses, with only 1 (2.2%) at baseline, 10
(13.5%) at day 28 post-vaccination and 27 (48.2%) at day 180
post-vaccination (Tables 3a and 3b). Of 105 subjects tested, 33
(31.4%) exhibited a response to GP at some point post-vaccination.

Of the 163 participants who have a humoral and cellular result
for Day 0, 14 or 28, we did not find any correlation between
humoral and cellular response (data not shown).

4. Discussion

In this trial among FLWs conducted in Guinea at the tail end of
the West African outbreak, we found the rVSVDG/ZEBOV vaccine is
able to produce an increase in IgG and neutralizing antibodies.
Fig. 3. Antibody responses were measured by the whole virion ELISA and live neutraliz
multiple comparison test.
Antibody responses measured by ELISA and NAb assays were
higher at each time point after vaccination compared to baseline.
The highest rate of seroresponse was found with the ELISA IgG
ZEBOV-GP assay. From the subset of participants followed up for
180 days, IgG and NAb increased 28 days post-vaccination and
were detectable at 180 days post-vaccination in most participants.

T-cell responses to Ebola virus glycoprotein were detected in
13.5% of individuals after 28 days and in 48.2% at day 180 post-
vaccination. We did not find a correlation between cellular and
humoral response. This could imply a dual mechanism of action
of the vaccine with a first response based on production of antibod-
ies against GP and a later cellular response based on production of
CD8 cells [20].

The primary analysis was a comparison of high-risk and low-
risk exposure groups, defined by a combination of profession and
work location. Although there was evidence for a stronger
ZEBOV-GP IgG seroresponse among high-risk individuals 28 days
post-vaccination, this result was not replicated with the NAb assay,
and there was no difference between the risk groups at baseline.
The comparison of high-risk and low-risk groups was limited using
profession and work location as a proxy for exposure. This proxy
likely has low sensitivity and specificity, but as this was a prospec-
tive study, misclassification is non-differential with respect to
seroresponse and any bias would be towards the null. Other anal-
yses could have provided more evidence of differences in serore-
sponse between the two groups, such as seroresponse among
individuals seronegative and seropositive at baseline. However,
such analyses lack power with the available data.

Although the different assays, targeting different components of
the immune response, show an increase in titers compared to
baseline, the rates of seropositivity and seroresponse are different.
It is important to note that in EBOV-endemic settings the ELISA
ZEBOV whole virion assay may be a less sensitive method to detect
vaccine-induced antibody responses targeting GP [3,18]. Similarly,
we observed a higher immune response by neutralizing antibodies
against live virus than the whole virion assay. These differences are
not well understood but may stem from different techniques and
assay platforms that are being used to measure serological
responses [21].

It is also important to note that compared with other studies
assessing the immune response of one dose of 2 � 107 PFU
rVSVDG-ZEBOV-GP prior or during the West Africa outbreak, our
study corroborates a good immune response despite the difference
in assays and/or threshold used in different studies [3,5,7]. The
study conducted in Liberia, measured IgG antibody levels against
ZEBOV-GP at baseline, 1 week and 1, 6 and 12 months post-
vaccination using the FANG assay. The study found that antibody
ing antibody assay. Statistical analysis was done by one-way ANOVA and Tukey’s



Table 3a
Enzyme-linked immunospot assay (ELISpot) responses to rVSV ZEBOV vaccination:
Distribution of samples with a background (mock stimulus) subtracted Ebola GP
response � 10 SFU per million PBMC and > 2x Mock response by time point.

Time point Samples with Ebola GP � 10 (%)

D0 (n = 45) 1(2.2)
D14 (n = 44) 2 (4.5)
D28 (n = 74) 10 (13.5)
D84 (n = 84) 10 (11.9)
D180 (n = 56) 27 (48.2)
Total (n = 303)
Total post-vaccination (n = 258)

50 (16.5)
49 (19.0)

Table 3b
Enzyme-linked immunospot assay (ELISpot) responses to rVSV ZEBOV vaccination:
Distribution of samples with a background (mock stimulus) subtracted Ebola GP
response � 10 SFU per million PBMC and > 4x Mock response by time point.

Time point Samples with Ebola GP � 10 (%)

D0 (n = 45) 1(2.2)
D14 (n = 44) 2 (4.5)
D28 (n = 74) 9 (12.2)
D84 (n = 84) 9 (10.7)
D180 (n = 56) 11 (19.6)
Total (n = 303)
Total post-vaccination (n = 258)

32 (10.6)
31 (12.0)

Table 4
Correlation between Assays for humoral response.

Assay 1 Assay 2 Time Correlation*

IgG against ZEBOV GP
(concentration)

NAb against ZEBOV
GP

0 0.08

IgG against ZEBOV GP
(concentration)

NAb against ZEBOV
GP

28 0.44

IgG against ZEBOV GP
(concentration)

IgG against whole
virion

0 0.30

IgG against ZEBOV GP
(concentration)

IgG against whole
virion

28 0.52

IgG against ZEBOV GP
(concentration)

NAb against whole
virion

0 0.35

IgG against ZEBOV GP
(concentration)

NAb against whole
virion

28 0.40

NAb against ZEBOV GP IgG against whole
virion

0 N/A

NAb against ZEBOV GP IgG against whole
virion

28 0.16

NAb against ZEBOV GP NAb against whole
virion

0 N/A

NAb against ZEBOV GP NAb against whole
virion

28 0.34

IgG against whole virion NAb against whole
virion

0 �0.02

IgG against whole virion NAb against whole
virion

28 0.48

* Spearman rank correlation coefficient estimated for those whose antibody
response was available for per-protocol analysis by both assays.

Y. Boum et al. / Vaccine 38 (2020) 4877–4884 4883
response peaked at 1 month post-vaccination with 83.7% of partic-
ipants seroresponding [22]. This was a randomized trial including a
control non-vaccinated group which remained with significantly
lower response than the vaccinated group up to 12 months post-
vaccination [22].

Although over 95% of participants developed IgG specific anti-
bodies 28 days after vaccination, and 65% at 14 days post-
vaccination, interpretation in the context of a lack of correlate of
protection is difficult. This trial was conducted in parallel to the
ring vaccination trial. The parent trial and this sub-study targeted
different populations, with regards to the timing of potential expo-
sure to EVD. None of the FLWs followed during this study reported
developing EVD or were admitted as a laboratory confirmed case.
This study was conducted when transmission had slowed and
when infection and control precautions were correctly applied.
Further, both asymptomatic and pauci-symptomatic infections
have been reported and learning concerning the natural history
of infection and clinical symptoms continues [23].

The vaccine was not assigned at random, and as a result there
were differences in demographic characteristics between the vac-
cinated and unvaccinated at baseline that could introduce unmea-
sured confounding into comparisons. However, as no unvaccinated
individual seroresponded by 28 days post-vaccination, compared
with 86.4% of the vaccinated group, as measured by ZEBOV-GP
IgG, unmeasured confounding alone is very unlikely to account
for this difference. It is also important to note that three-quarters
of participants were male. Although no apparent differences
between male and female participants were found in this study,
a multivariate analysis indicated that female sex had a higher risk
for the development of arthritis post vaccination [24] though this
was not found in all vaccine trials [25].

To assess cellular immunity, frozen PBMC samples are usually
run on site or maintained in vapor phase liquid nitrogen from point
of freezing, through shipping and storage until the point of thawing
and test. However, the Ebola PBMC collected in Conakry could not
be run on site. Samples were stored for up to 3 months at �80 �C
due to the need to quarantine in accordance with international
health and biological sample regulations before shipment. This
may explain the large proportion of PBMC samples with < 80% via-
bility. Though high CMV values suggest that CD8 T cell were not
compromised in the cold chain, storage and shipment, the Ebola
responsive CD4 T cells may have not survived nor remained
functional.

It is important to note the importance of providing sufficient
and clear information on infection control and prevention mea-
sures to those electing to receive the vaccine remains essential
until additional information is acquired. Qualitative analyses
conducted at the same time as this study also highlight the impor-
tance of accompanying any use of the vaccine with ongoing infor-
mation and awareness strategies [26].

Since the West African outbreak, rVSVDG-ZEBOV-GP has been
used in an expanded use framework [27] in the response to the
two EVD outbreaks in the Democratic Republic of Congo in 2018
and 2019 and has recently received market authorization by the
EMA and FDA [11,28] The first of these outbreaks, in Equator pro-
vince was declared on May 8th, 2018 and vaccination activities tar-
geting FLW and contacts and contacts of contacts started on May
21st, 2018. In over one month a total of 3,481 people were vacci-
nated [29]. The last laboratory confirmed EVD case developed
symptoms on June 2nd, 2018. No cases of EVD were detected
amongst the vaccinated, consequently this experience did not pro-
vide additional effectiveness data. At present, rVSVDG-ZEBOV-GP
vaccine is being used as a part of the ongoing EVD outbreak in
North Kivu, Democratic Republic of Congo. As of January 2020, over
260,000 person have been vaccinated in the DRC since the out-
break was declared in August 2018 with now over 3500 confirmed
cases [30].
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